The aim of this work was to provide well defined criteria for ramp construction for wheel chair dependent individuals (WDl). Force capability was measured in a large sample (140) of WDI, who presented different levels of motor impairment. Levels of impairment were established on the basis of the answers given in a questionnaire regarding the degree of self sufficiency at home as well as outside the home and active participation in sports events. Taking into account those WDI who exhibited at least a minimal level of self sufficiency, the following prescriptions are indicated. For a 1 metre ramp length, allow able maximal incline 15%; up to 3 metre ramp length, maximal incline 10%. The relia bility of such prescriptions was confirmed by having a test ramp traversed by 43 WDI.
The quality of the life of wheelchair dependent individuals (WDI) is dependent upon a number of factors. Regardless of the nature of the pathology that forces one to the chair, she/he will necessarily meet difficulties related with the everyday life at home and outside of home. One of the most frequently encountered is repre sented by gradients, thus the necessity to provide WDI with facilities that can help them in managing such architectural barriers. The focus of this paper is the human-powered wheelchair and the identification of the most propitious length! grade to be adopted in ramp construction for WDI.
An increasing number of studies dealing with biomechanical aspects of wheel chair propulsion have appeared (Van Der Woude et al., 1988; Sanderson and Som mer, 1985; Sawka et al., 1981; Cerquiglini et al., 1981; Sawka et al., 1980; Cass and Camp, 1979; McLaurin and Brubacker, 1979) . In a previous paper (Cappozzo et al., 1991 ) the problem of ramp traversability was faced using the classical biomechanical approach. The relationship existing between ramp/length travers ability and individual maximal voluntary isometric contraction (MVC) exerted by WDI on both wheel rims has been envisioned using a mathematical model of the mechanical system represented by man plus wheelchair. The provisional data thus obtained were verified on a sample of selected subjects. Results of this study al lowed us to indicate the length and incline of a ramp which each WDI could be expected to successfully manage provided his/her MVC has been previously measured. On the basis of these results we have established a rationale for building ramps. In this study, our objectives included the:
1. Measurement of MVC of a statistically significant sample size. 2. Correlation of MVC with significant parameters such as age, sex of subjects, etc. 3. Verification of our prescriptions using a specified length/incline test ramp to be traversed by a consistent number of WDI.
Methods

MVC measurements
Initially, 182 subjects, all WDI, participated in this study. Each subject performed the required activities in the rehabilitation centre in which she/he resided and in her/his own wheelchair. Of the 182 subjects, 120 were males and 62 were females. All participated on a voluntary basis and all gave informed consent. In addition, all subjects were given the assurance of anonymity and all safeguards were carried out in strict accordance with University and Rehabilitation Centre policy. A questionnaire was completed by each subject during the research familiarisa tion period. In addition to name, sex, age, height, and weight, classification of spinal lesion and diagnosis of neuromuscular deficit was noted for each subject.
Other information related to self-sufficiency outside home (SSOH) and active sport experience (ASE). Additional information was obtained under each category, e.g., SSOH: drives car, performs shopping duties, and travels including visits to public buildings; ASE: kind of sport(s) engaged in on a regular basis, either currently or within the past 6 months. Thus, a profile of the activities of daily living (ADL) was obtained for each subject.
Measurement of MVC was achieved as depicted in Figure 1 . The wheelchair was securely blocked and through a chain arrangement was secured to a wall. A piezoelectric force transducer (Kistler, model 9203), attached to the chain and con nected to its amplifier (Kistler, model 5001), permitted the measurement of the ----ill-- propulsive component of force exerted by the subject on the wheel rim. Each sub ject was instructed to exert his/her MVC by pushing on both wheel rims. On the basis of an earlier study conducted in this laboratory (Cerquiglini et ai., 1981), three different positions of the hands on the wheel rim were investigated: (a) grasp at the top of the wheel, i. e., 90 degrees from floor surface; (b) grasp 30 degrees for ward with respect to the vertical; and (c) grasp 30 degrees rear with respect to the vertical. This latter position, i. e., rear vertical grasp, is the one which is most fre quently used by wheelchair dependent persons in the initial phase of ramp ascent. All three grasp positions correspond to those assumed by WDI during the pro pulsion phase of ramp ascent. By the use of a self-selection process, subjects who were unable to attain the minimum force application levels in one or more of the three basic, pre-selected, wheel rim positions were excluded. Reasons advanced for subjects not being able to exert sufficient force were related primarily to level of spinal cord lesion and in small measure to senescent atrophy. By this mean, 42 subjects were excluded and the fmal number of subjects included in this study was reduced to 140 (see Table I ).
RAMP LENGTH/GRADE FOR WHEELCHAIR DEPENDENTS
All data were fed into a personal computer (Olivetti M24) for analysis.
Verification of ramps
In order to test the prescription obtained by MVC measurements, two ramps of 3 and 6 metres length and 12 and 10% incline respectively had been assembled in the gymnasium of Santa Lucia Center. All subjects who participated to the recreational activities of the Center were requested to try the ascent of the two ramps. 43 WDI consented to perform the tests.
Results
As one can observe from Histogram describing ramp length/grade relationships for all subjects. ;::
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"'- of the same table not surprisingly reveals that the weaker individuals are the female subjects, inasmuch as these estimations were of absolute force capability. Their exerted force capability is' approximately one-half that of the male subjects. In Table III is reported the mean force capability of each category of subjects we selected on the basis of the questionnaire: the stronger individuals are those with previous history of sport participation. These subjects also demonstrated self sufficiency. Thus, they are included in one or more of the SSOH categories.
In accordance with the ramp length/grade criteria reported earlier (Cappozzo et al., 1991), the maximum incline which can be comfortably traversed may be infer red from MVC measures. In Figure 2 are reported histograms showing the percen tage of total population having a force availability convenient to ascend the indi cated grades considering ramp lengths of 3 and 6 metres respectively. From Figure  2 , one can observe that approximately 80% of the 140 subjects were able to climb ramps of 8% grade for 3 metres length and 7% grade for 6 metres. A comparison among the different groups of Table I , is shown in Figure 3 . When compared with all subjects, the SSOH group is seen to be capable of greater achievements in terms of ramp inclines; notably, 80% of the subjects who were active in sports, (ASE group Fig. 3) , were able to ascend ramp inclines of 15%, slightly more than double the achievements of the 80% of subjects of Figure 2 .
If the ramp traversability is required to be evaluated on the basis of the perform ances of the great majority of SSOH group, the prescriptions shown in Table IV can be adopted. The two ramps which were assembled in the Santa Lucia gymna sium had been designed on the basis of this assumption. Notably, not all the WDI who attempted to traverse, and subsequently successfully completed the task (both in the ascent and descent phases), pertained to the ASE group, although they per tained to the SSOH group as well.
Discussion and conclusion
Assuming architectural barriers to be eliminated, the range of the WDI population which could be accommodated becomes primarily a political choice. In fact, if the total population is to be considered, no incline at all should be adopted. In such instances, many public buildings, at least in our country, will likely remain inaccesible to WDI.
Taking into account only those subjects who, in this research, exhibited at least a minimal level of force availability, and on the basis of our previous findings, the following ramp length-grade relationships can be envisaged: (1) When we have no reasons to force the incline of ramps, a wise solution could be represented by an 8% ramp. This incline, which poses no practical limitations in terms of ramp length, can be easily traversed by the majority of the WDI population. It seems likely that subjects unable to manage with this low incline are so incapable as to require an external aid, such as a motorised wheelchair or an assist provided by another physi cally capable person and (2) When we are faced with public buildings that can not be easily altered in their structure, a maximum ramp incline of 15% for a ramp length of 1 metre, 12% for 3 metre, and 10% for 6 metre ramp length can be allowed.
The above guidelines are general, however, given the use of ramp length/grade relationships which resulted from our research, we could be expected to make homes, and especially public buildings, accessible to a majority of wheelchair dependent persons.
Furthermore, our results clearly indicate the importance of maintaining and/or improving upon, the WDI level of muscular fitness that represents the physical limiting factor of his/her performance. In this respect, the beneficial effects of sport participation on a regular basis for WDI is once again emphasised.
